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VIP™ (Viral Inactivation Process) and claims that the process provides "Cleaner bone through 
mechanical removal of debris and tissue such as bone marrow, lipids and blood components" 
and "Safer bone through inactivation of pathogens such as HBV and HTV (greater than 5-log 
\ykill) as well as bacteria and fungi" (Cryolite Orthopedics, Inc. brochure 12 February, 1992). 

A second, for-profit corporation, Osteotech, Inc., Shrewsbury, New Jersey, describes 
a bone graft cleaning process called Permein™ ("a combination of ethanol and non-ionic 
detergent"; Mellonig, J.T., Prewett, A.B., and Moyer, M.P. J. Periodontal. December 1992, 
vol. 63, pp 979-983). This process involves the use of a solution of ethanol and detergent to 
clean bone grafts. 



A not-for-profit organization, LifeNet Research Foundation developed a technology for 
cleaning large essentially intact bone grafts using a vacuum mediated flow of solutions for 
removing bone marrow and bone marrow elements from bone (a continuation-in-part of 
application serial number 08/395,113 which is a continuation in part of serial number 
08/293,206 in the name of Lloyd Wolfinbarger, Jr. entitled "Process for Cleaning Large Bone 
Grafts and Bone Grafts Produced Thereby) which is incorporated herein by reference in its 
entirety. 



SUMMARY OF THE INVENTION 
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An object of the present invention is to provide a means of removing bone marrow 
from the luminal and cancellous bone spaces in essentially intact, bone grafts and small cut- 
bone grafts. 

In this regard, it is a further object of the invention to provide essentially intact bone 
graft material, essentially free of residual bone marrow, for use in the preparation of small 
bone grafts. Essentially intact bone grafts with minimal residual bone marrow offer additional 
advantages in that removal of bone marrow, which may harbor potential viral particles and/or 
viral genomes integrated into the genomes of specific cell types present in the bone marrow, 
reduces the potential for transmission of infective agents such as bacteria and viruses, 
especially the human immunodeficiency virus (HIV) in that cells capable of harboring this 
virus are abundant in bone marrow and their removal from essentially intact bone grafts also 
reduces the bioburden of viruses which may be present within the bone marrow cells removed. 

Another object of this invention is to use alcoholic and soluble amphophil (detergent) 
solutions in the removal of bone marrow from bone grafts. Alcohol and detergents have been 
demonstrated to be virucidal towards enveloped viruses such as the HIV and hepatitis and 
certain bacteria and to enhance cavitation associated with ultrasonic cleaners. Alcohol and 
detergent solutions also offer advantages of enhancing solubilization of bone marrow, reducing 
surface tension properties of aqueous solutions, and inactivating viruses and bacteria. 
Ultrasonic cleaners offer advantages of cavitation events which facilitate disruption and 
breakdown of soft tissues at the microscopic level. 




Another object of this invention is to use ultrasonic cleaning to cavitate the alcoholic 
and soluble amphophil (detergent) solutions facilitating the removal of bone marrow and bone 
marrow elements from essentially intact bone grafts and/or small bone grafts. 

A further object of this invention is to provide methods for removing bone marrow 
from bone grafts prior to their being cut into smaller bone grafts. The use of vacuum induced 
flow of solvent through the bone grafts in the presence of ultrasonic cavitation offers the 
advantages of reducing the solubility of dissolved air in the fluid present within the bone 
marrow enhancing cavitation in the cleaning solution, Le. , an improvement over the simple 
use of ultrasonic cleaning in the presence of dissolved gases in the cleaning solutions, of 
causing a movement of solvent solubilized bone marrow in the direction of the vacuum source, 
of minimizing structural damage to the cancellous bone by using minimally invasive cleaning 
methods, and of permitting containment of the aspirated bone marrow/ solvent in containers 
which may be safely handled and disposed without exposure of the processing personnel. Use 
of hypotonic solutions induces bone marrow cell swelling and by reducing the solubility of 
dissolved air in the fluid present in the bone with vacuum application to the bone, dissolved 
air comes out of solution forming gas bubbles which if formed within cells in the bone marrow 
will enhance rupture of the already swollen cells, with subsequent loss of cytoplasmic 
materials. 

Cavitation induced fragmentation and solubilization of cells and acellular materials is 
enhanced in the absence of dissolved gases in aqueous solution. Since dissolved air (gases) 
cushions the force of cavitation, this aspect of the invention improves on the efficiency of 
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ultrasonic mediated cleaning of the bone grafts. Ultrasonic cleaning involves the formation 
of vacuum bubbles as a result of cavitation and in the presence of dissolved air in the cleaning 
solution, the vacuum bubbles will be filled with gas, cushioning the force of cavitation. The 
movement of solvent in the direction of the vacuum source will result in the continual 
exchange of solvent with the result that temperatures within the bone being cleaned can be 
more easily controlled and solubilized bone marrow is removed and bone marrow which has 
not been solubilized will be exposed to additional fresh solvent. Thus the continual 
replacement of solvent in the presence of cavitation will reduce the need for greater 
concentrations of solubilization enhancing components. 

Detergents are amphophil compounds which facilitate solubilization of relatively 
insoluble lipids present in, for example, bone marrow, yet at higher concentrations tend to 
form micellar structures (Helenius, A. and Simons, K. Solubilization of Membranes by 
Detergents, Biochim. Biophys. Acta 415 (1975) 29-79). The formation of micellar structures 
tend to limit the effective concentration range for detergent solutions and thus soaking of bone 
in a given volume of detergent solution may not be totally effective in that the absolute amount 
of detergent present is limited and if the amount of lipid material to be solubilized exceeds the 
solubilization capability of the detergent present, lipid solubilization will not be complete. By 
continually changing the detergent solution over time, it becomes possible to completely 
solubilize all solubilizable lipid present in a bone graft. 

Restricted flow of solvent through the cartilaginous ends of the bone will minimize 
mechanical and/or structural damage to the cancellous bone by causing a slow flow rate of 
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solvent through the trabecular bone space occupied by bone marrow. The containment of 
aspirated bone marrow/solvent is made possible by use of disposable containers for collection 
of the aspirate. In addition, it becomes possible to add strong viral/bacterial inactivators, for 
example sodium hypochlorite, to the disposable collection containers to further inactivate 
potential pathogenic and/or biohazardous biomaterials. Filters between the vacuum source and 
the collection containers further prevents the potential spread of biohazardous materials. The 
use of prior art procedures to remove bone marrow involves the use of pressurized flow of 
solution as a rapidly moving stream which dislodges bone marrow by impact of the solvent on 
the bone graft. Such procedures tend to generate aerosols of tissue and solvent which can be 
hazardous to processing personnel. The present invention virtually eliminates this hazard. 

Ultrasonic cleaners are extensively used in cleaning glass tubes, metal instruments, 
filters, etc. (Branson Ultrasonics Corporation brochure). Ultrasound is sound transmitted at 
frequencies beyond the range of human hearing. Ultrasonic energy generated by piezoelectric 
transducers at a rate of 55,000 time per second creates cavitation, which is the mechanism for 
ultrasonic cleaning. Cavitation consists of the formation and collapse of countless tiny 
cavities, or vacuum bubbles, in the liquid. The energy produces alternating high and low 
pressure waves within the liquid of a tank. The liquid is compressed during the high pressure 
phase of the wave cycle, then pulled apart during the low pressure phase. As the pressure in 
the liquid is reduced during the low pressure phase, cavities grow from microscopic nuclei to 
a maximum critical diameter. During the subsequent high pressure phase they are compressed 
and implode. The energy is powerful, but safe for parts because it is localized at the 
microscopic, i.e., cellular, scale. Factors affecting the strength of cavitation are temperature, 
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optimally between 120°F and 140°F, surface tension, optimally detergents or other agents 
which reduce surface tension are optimal, viscosity (medium vapor pressure is most conducive 
to ultrasound activity), and density (where high density creates intense cavitation with greater 
implosive force). 

A yet further object of the invention is to provide mechanical devices which permit 
attachment of vacuum lines to the various large bone grafts being cleaned by the process of 
vacuum induced solvent flow, which permit attachment of solvent containers around the bone 
grafts being cleaned, and to permit the collection and containment of aspirate materials from 
the bone grafts. These mechanical devices can be sterilized by a variety of procedures, for 
example autoclaving, and form tight seals with the bone grafts being cleaned. 



Figure 2. Figure 1 illustrates a flow chart diagram of a preferred embodiment of the 
present method for producing a cleaned bone graft using sonication and agitation. 

Figure 2. Figure 2 illustrates the present method for producing a cleaned bone graft using 
a negative pressure mediated flow of solvent. 

Figure 3. Figure 3 illustrates an example of changes in absorbance with volume of 
detergent drawn through a typical bone graft. Concentrations of proteins (microgram/ml of 



(vol:vol) ethanolic solution in deionized/distilled water/ Flushing procedure utilizes peristaltic 



BRIEF DESCRIPTION OF THE DRAWINGS 
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pump induced flow of solutions and eluent materials are collected as 15 ml volumes using a 
fraction collector. Aliquots of eluent are assayed for protein concentrations using a protein assay. 
The data included in this figure is used only to illustrate the relative quantities of bone marrow 
solubilized by the different solutions shown and is not intended to document bone marrow 
solubilization as described in the patent application. 

Figure 4, Figure 4 illustrates the present method using a negative pressure mediated flow 
of solvent to clean a proximal end of a femur. 



understanding of the specifications and claims, including the scope to be given such terms. 

Allowash^ Solution. By the term "Allowash™ solution" is intended those 
(compositions) disclosed in co-pending U.S. patent application serial No. 08/620,856 
incorporated herein by reference. Examples of suitable Allowash™ compositions include: A 
cleaning composition containing essentially about 0.06 wt% polyoxgethylene-4-lauryl ether; 
about 0.02 wt% poly (ethylene glycol) -p-nonyl-phenyl-ether; about 0.02 wt% octylphenol- 
ethyleneoxide and endotoxin free deionized/distilled water. 

Bone Graft. By the term "Bone Graft" is intended any bone or piece thereof obtained 
from a cadaver donor, for example any essentially intact bone including for example the 




r urc 5. Figur e 5 illustrat or the cleaning of a femur head. 



DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 



Definitions The below definitions serve to provide a clear and consistent 
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femur, tibia, ilia, humorous, radius, ulna, ribs, whole vertebrae, mandibula and/or any bone 
which can be retrieved from a donor with minimal cutting of that bone for example, one half 
of an ulna, a femur cut in half to yield a proximal half and a distal half, and/or at least a 
substantial portion of a whole bone, i.e. at least one-quarter of a whole bone; and/or any small 
cut pieces of bone, for example, iliac crest wedges, ground bone, Coward dowels, cancellous 
cubes, and/or fibular struts. 

Mild agitation. By the term "mild agitation" is intended agitation achieved through the 
use of a gyrator shaker or means to achieve a similar result, including, for example: pulsatile 
lavage wherein induced currents in the solution impact the surface of bone and annoited soft 
time. 

Vigorous Agitation. By the term "vigorous agitation" is intended agitation achieved 
through the use of a commercial paint can shaker or other means which achieve a similar result 
including, for example, high pressure pulsatile lavage wherein induced currents in the solution 
impact the surface of bone and annoited soft tissue. 

Pressure Mediated Flow of Solvent. By the term "pressure mediated flow of solvent" 
is intended for the purposes of the present invention means a flow of solvent induced by 
positive or negative pressure. 

Cleaning Container. By the term "cleaning container" is intended for the purpose of 
the present invention any rigid or deformable container of a size sufficient to contain the bone 
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graft being processed. This sterile cleansing container may be the "beaker" of a Branson 
ultrasonic cleaner, for example, Models 1210, 2210, 3210, etc. as size of the bone graft 
dictates, capable of operating at between 20KHz and 50 KHZ at temperatures up to 69 +/- 



Detergent. By the term "detergent" is intended any agent which through a surface 
action that depends on it possessing both hydrophilic and hydrophobic properties and/or exerts 
oil-dissolving (cleansing) and/or antibacterial and/or antiviral effects, and can include but is 
not limited to: anionic detergents, cationic detergents, acridine derivatives, long-chain aliphatic 
bases or acids, etc. 

Ultrasonic Cleaner. By the term "ultrasonic cleaner" is intended any ultrasonic 
cleaning device capable of operating at: from 20 KHZ to 50KHz, preferably from about 40 
KHZ to about 47 KHZ, and includes, for example, Branson ultrasonic cleaner model nos.: 
1210, 2210, 3210, 5210 and 8210; or any similar ultrasonic cleaner. 

Bone Marrow. By the term "bone marrow" is intended for the purposes of the present 
invention the highly cellular hematopoietic connective tissue filling the medullary cavities and 
spongy epiphyses of bones which may harbor bacterial and/or viral particles and/or fungal 
particles. 

Decontaminating Agent . By the term ""decontaminating agent" is intended one or 
more agents which remove or inactivate/destroy any infectious material potentially present in 



5°C. 
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the bone marrow of a bone graft, for example, such materials including but not limited to: 
bacteria, virus, and/or fungi; with such decontaminating agents including, for example, but 
not limited to one or more of the following: an antibacterial agent; an antiviral agent; an 
antimycotic agent; an alcohol for example, methyl, ethyl, propyl, isopropyl, butyl, and/or t- 
butyl; trisodium phosphate; sodium hydroxide; hydrogen peroxide; and/or any detergent. 

Negative Pressure. By the term "negative pressure" is intended for the purposes of this 
invention a pressure below atmospheric pressure, i.e., less than one atmosphere. 

Positive Pressure. By the term "positive pressure" is intended for the purposes of this 
invention a pressure at or above one atmosphere, i.e. , greater than or equal to one atmosphere. 

Essentially Closed System. By the term "essentially closed system" is intended for the 
purposes of the present invention, a system which prevents the potential spread of any 
potentially biohazardous materials present in bone marrow, i.e. bacterial and/or viral and/or 
fungal particles; for example, a system whereby aspirated bone marrow and solvent is 
contained and thus does not come into contact with processing personal and whereby aerosols 
of tissues are not generated. 

Essentially Free From. By the term "essentially free from" is intended a bone graft 
where the material removed {i.e. , bone marrow, viral, fungal, and/or bacterial particles) from 
the bone graft is not detectable using detection means known in the art at the time of filing of 
this application. 
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Essentially Intact Bone Graft. By the term "essentially intact bone graft" is intended 
for the purposes of the present invention any whole bone including, for example, the femur, 
tibia, ilia, humorous, radius, ulna, ribs, whole vertebrae, mandibular, and/or any bone which 
can be retrieved from a donor with minimal cutting of that bone, for example, one half of an 
ulna, a femur cut in half to yield a proximal half and a distal half, and/or at least a substantial 
portion of a whole bone, i.e. , at least one-quarter of a whole bone. 

Solvent. By the term "solvent" is intended for the purposes of the present invention, 
a liquid cleaning composition capable of: facilitating the solubilization of lipid, facilitating 
bone marrow removal, inactivating viral and/or bacterial particles, and/or disrupting cell 
membranes, which may contain, but is not limited to, one or more of the following: sterile 
water; saline; a detergent; an alcohol, for example, ethanol and/or isopropanol, solvents, a 
combination of solutes desired to facilitate solubilization of bone marrow, for example, 
Allowash™ solution disclosed in co-pending patent application serial no. 08/620,856 herein 
incorporated by reference; chelating agent; virucidal agent; bacteriocidal agent; antimycotic 
agent; sodium hydroxide or similar strong base, organic and/or inorganic acid and hydrogen 
peroxide. 

//. Cleaning of Essentially Intact Bone Grafts 

A preferred embodiment of the present invention involves a process for cleaning 
essentially intact bone grafts. First, bone materials procured from cadaveric donors are 
thawed. Following thawing under sterile conditions at room temperature, the bone may be 
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debrided of external soft tissues. This debridement can include removal of excess cartilaginous 
tissues on the proximal and distal ends of bones at their points of articulation. Soft tissue 
debridement is of use if it is desired to assess the quality of the bone prior to further 
processing, however, debridement is not an essential element of the bone cleaning technology. 
The bone is attached to the vacuum source and placed into the solvent solution in an 
appropriate container, for example, a sterile basin or the tank of a commercially available 
ultrasonic cleaner, for example, Branson models 1210, 2210, 3210, 5210, or 8210-each of 
which hold essentially larger and larger volumes of cleaning solution. Preferably, the 
ultrasonic cleaner operates at (at) least 20KHz, more preferably 30KHz to 50KHz, and most 
preferably 40KHz to 47KHz. The container is closed around the vacuum line or point of 
attachment to the bone graft to restrict movement of cleaning solution and a vacuum is applied 
to the system. The ultrasonic cleaner is then turned on with confirmation of cavitation 
performed. As solvent solution is drawn through the bone graft, it is collected in the 
disposable container. Solutions in the container can be changed by addition of new solution 
through a filling port. Co-pending application serial no. 

dfA</6 f n f filed May 7, 1996 
entitled "A Recirculation Method for Cleaning Essentially Intact Bone Grafts Using Pressure 
Mediated Flow of Solvents and Bone Grafts Produced Thereby" is incorporated herein in its 
entirety and describes in detail methods for cleaning essentially intact bone grafts. 

The vacuum source used to draw solution through the bone grafts will be between 15 
and 35 inches Hg with the preferred range being between 20 and 30 inches Hg. The actual 
vacuum level is adjusted such that the flow rate of solution through the bone graft does not 
occur so rapidly that the bone marrow is not effectively solubilized, but rapidly enough to 
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effectively remove solubilized bone marrow. Flow rates of solvent should range between 8 
and 32 mis per minute with the preferred rates being between 15 and 25 mis per minute. 

The first solvent to be drawn through the bone graft will consist of a sterile mixture of 
detergent and/or alcohol, for example, ethanol or isopropanol in endotoxin-free 
deionized/distilled water. Detergents utilized may include, but not be restricted to, ionic 
and/or nonionic detergents such as polyoxyethylene alcohols (Brij series, Lubrol W, etc.), 
polyethylene glycol p-isooctylphenylethers (Triton X series), Nonidet P-40/Igepal CA 630, 
nonoxynol 9Igepal CO 630, polyoxyethylene nonylphenol (Triton N series, Surfonic N series, 
Igepal CO series), polyoxyethylene sorbitol esters (Tween series, Emasol series), the 
formulation known as Allowash™ Solution (LifeNet Research Foundation, Virginia Beach, 
VA) in concentrations ranging between 0.001 wt% to 2 wt% with the preferred concentrations 
being between 0.01 and 0.5wt%. The concentration of alcohol which may be used in the first 
solution ranges between 5% and 95% (volume to volume) with the preferred range being 
between 10 and 30% (volume to volume). 

The second solvent to be drawn through the bone graft will consist of endotoxin-free 
deionized/distilled water, alcoholic solutions of water, or isotonic saline in endotoxin-free 
deionized/distilled water. The second solution may be added to the container, used to contain 
the first solution, using the filling port. During addition of the second solvent to the 
container, the vacuum should be shut off in order to facilitate filling of the container. 
Ultrasonic cleaning may be used during this second solvent process, however it is generally 
not necessary since the first solvent processing is maximally effective in facilitating removal 
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of bone marrow and bone marrow elements. The purpose of the second solvent is to reduce 
the amount of the first solution in the bone graft and/or to deliver additional agents to be used 
in processing of the essentially intact bone graft. For example, addition of ethanol or 
isopropanol (50% to 100%, vol to vol) to the washing solvent would serve to reduce bacterial, 
fungal, and/or viral contaminants which might be present in the bone graft. The use of 
absolute (100%) ethanol in the second solution would further serve to dehydrate the bone, 
reducing subsequent times needed for freeze-drying. Since the flow of solvent through the 
bone graft will be less restricted during the flushing with the second solvent, the level of 
vacuum used should be appropriately reduced to maintain an appropriate flow rate between 10 
and 15 ml per minute. The volume of the second solvent may vary depending on the 
concentration of detergent and/or ethanol used in the first solvent, but in general should 
approximate a volume 10-fold greater than the volume of the bone graft being processed. 

Following completion of flushing of bone graft with the second solution, the bone graft 
may be removed from the sterile container and processed into smaller bone grafts via 
procedures previously established for the production of such grafts. 

Optional components may also be added to either the first or second solvent being used 
to clean and flush, respectively, the bone graft, including but not limited to, antibiotics, 
antiviral agents (for example, peroxide generating agents such as Exact (a trademarked product 
marketed by ExOxEmis, Inc., San Antonio, TX)), hydrogen peroxide, permeation enhancers 
(for example, fatty acid esters such as laurate, myristate and stearate monoesters of 
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polyethylene glycol), organic acids (for example, citric acid) or dilute solutions of strong acids 
(for example, hydrochloric acid). 

///. Cleaning of Small-Cut Bone Grafts 

Cleaning of small bone grafts by the method of the present invention is accomplished 
by thawing of essentially intact bones. The bone is debrided of excess soft tissue using 
mechanical means, for example scalpels are used to cut away excess soft tissues, or the bone 
is exposed to basic solutions such as sodium hydroxide or trisodium phosphate and cut into 
appropriate/usable pieces using a commercially available bone saw, for example, a Stryker 
bone saw. Water lavage is used to break up and remove surface lipids and blood, and the cut- 
bone grafts are placed into the tank of an ultrasonic cleaner, for example, Branson models 
including 1210, 2210, 3210, 5210 or 8210, etc., in the presence of a solvent containing one 
or more detergents, for example, Allowash™ Solution at a concentration between IX and 
0.001X but preferably at 0.01X in sterile endotoxin - free deionized/distilled water as 
described in co-pending patent application no. 08/620,856 hereby incorporated by reference, 
or other appropriate detergent or combination of detergents with or without alcohol, and 
sonicated for about 10 to 120 minutes, preferably about 20 to 60 minutes and most preferably 
for about 30 minutes, at a temperature of from about 27°C to 50°C, and more preferably at 
about 37°C to 44°C. Preferably, the Ultrasonic cleaning devices operates in the range of 
20KHz to 50 KHz, more preferably 40KHz to 47KHz. Temperatures higher than about 50°C 
provide for better cavitation, however, temperatures higher than 100°C also tend to precipitate 
proteins present in the bone marrow making them more difficult to remove from the cancellous 
bone space in the bone grafts. 
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The solvent containing detergent is then decanted/removed and replaced with the 
second solvent, which may include but is not limited to sterile endotoxin free 
deionized/distilled water solutions of antibiotics, hydrogen peroxide, antimycotics, antivirals, 
alcohol (for example ethanol or isopropanol), ion exchange resins, adsorbents, antioxidants, 
vitamins, growth factors, softeners, organic acids/bases, inorganic acids/bases and the like. 
The bone grafts in the second solvent are then: (a) washed using mild or vigorous agitation 
for a time period of about 5 to about 25 min, preferably for about 10 min, or (b) sonicated for 
about from 10 to about 120 min, preferably 20 to 60 min, and most preferably for about 
10 min to 30 min at a temperature from about 27°C to 50°C, and preferably from about 37°C 
to 44°C. 

The second solvent is then decanted and replaced with a third solvent, preferably sterile 
endotoxin-free deionized distilled water and (a) washed for about 5 to 25 minutes, preferably 
for about 10 to 20 minutes, with mild or vigorous agitation, or (b) sonicated for about from 
10 to about 120 min, preferably 20 to 60 min, and most preferably for about 30 min at room 
temperature. 

The third solvent is then decanted and replaced with a solution containing a 
decontaminating agent, for example, 3% hydrogen peroxide at room temperature, and: (a) 
soaked with mild or vigorous agitation for about 5 to 25 minutes, preferably for about 10 to 
20 minutes, or (b) sonicated for about from 10 to about 120 min, preferably 20 to 60 min, and 
most preferably for about 30 min at room temperature. The bone grafts are then removed 
from the container, rinsed using water lavage and placed into alcohol, preferably 70% alcohol 
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(isopropanol or ethanol) for a minimum of 15 minutes to a maximum of 24 hours. As a final 
wash, the bone grafts are washed using lavage; mild or vigorous agitation; or sonication, with 
sterile endotoxin-free deionized/distilled water and freeze-dried for packaging and distribution. 

Any combination of sonicating and/or agitation is contemplated in the present method 
with the requirement that the first step comprise sonicating the bone graft, where subsequent 
processing steps may include agitation only, sonication only and agitation and sonication in any 
order. 

The following examples illustrate processing of large and small bone grafts according 
to the instant invention. 

Example I 

A femur is thawed, debrided of excess soft tissue (including the excess cartilage present 
on the articulating surfaces) and a hole (3) approximately 1/4 to 5/8 inch outside diameter is 
drilled in the bone shaft approximately midway between the distal and proximal ends of the 
bone (2). The hole need only be drilled deep enough to penetrate the cortical bone such that 
the tapping port (4) (Figure 2) may be securely inserted into the hole. The vacuum line (5) 
is attached securely to the tapping port. Two liters of a solution of 10% ethanol and 
Allowash™ Solution at a concentration of 0.01X are added to a container (1) designed to hold 
approximately 3 liters, for example the tank of a Branson ultrasonic cleaner model 2210 or 
3210, and the bone graft with attached vacuum line is placed into the container, immersing it 
towards the bottom of the container. The temperature of the cleaning solution is adjusted to 
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45°C prior to addition of the bone graft and the ultrasonic cleaner with bone graft is placed 
into a heated mode and the ultrasonic cleaner is turned on. Vacuum, 25 to 27 inches Hg, is 
applied to the system. The flow rate of solution through the bone graft is maintained at 
approximately 10 ml per minute by adjusting the vacuum. The solution collected in the 
disposable container is dark red(ish) initially, turning to a color similar to that of serum as 
bone marrow is removed from the graft. By sampling the effluent material being removed 
from the bone graft, via a sampling port accessible by use of a syringe, it is possible to 
monitor completion of bone marrow removal by measuring absorbance at 410 nm (See Figure 
3 for an example of changes in absorbance with volume of detergent (Panavirocide) drawn 
through a typical bone graft) it is possible to determine when essentially all of the bone 
marrow is removed from the bone graft. After drawing the two liters of solution through the 
bone graft the vacuum to the system is discontinued and the container is refilled with one 1 to 
£y ^Mfe^of endotoxin-free deionized/distilled water and vacuum is reapplied to the system. The 

deionized/distilled water is drawn through the bone graft at approximately 15 mis per minute 
to remove the detergent solution. The ultrasonic bath may be turned on at this stage if the 
bone still retains a reddish color due to the presence of reduced bone marrow if desired, 
however, most of the bone marrow and bone marrow elements have already been removed 
from the bone. Following the removal of detergent solution from the bone graft, vacuum is 
discontinued to the system and the bone graft is removed from the container and the vacuum 
line and tapping port are removed. The bone graft is now ready for further processing into 
small bone grafts as required. 
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Example n 

A femur is thawed, debrided of excess soft tissue (including the excess cartilage present 
on the articulating surfaces where desired) and cut in half using a bone saw. The proximal end 

(si) 

Qy of the femur^tr^is used in this example, however, the distal end of the femur would be 

similarly processed. Pulsavac lavage or other mechanical means is used to remove bone 
marrow from the luminal space. One to three liter of a solution of Allowash™ Solution in 
sterile endotoxin - free deionized/distilled water, at a concentration of 0.01X, is added to a 
py container^S^designed to hold approximately 1.5 to 3.0 liters, for example, the tank of an 

ultrasonic cleaner capable of operating at 40 to 47 kHz, and the bone graft is placed into the 
container, immersing it towards the bottom of the container. The vacuum lineJ^ris attached 

a> (2) 

securely to the access lineup in the sealing earner (See Figure 4 for an illustration of this 
assembly.) The temperature of the cleaning solution is adjusted to room temperature 
(approximately 27 °C prior to addition of the bone graft) and the container with bone graft is 
subjected to ultrasonic cleaning. Vacuum, in the range of 25 to 27 inches Hg, is applied to 
the system. The flow rate of solution through the bone graft is maintained at approximately 
10 ml per minute by adjusting the vacuum. The drawn solution is collected in the disposable 
container and is dark red(ish) initially, turning to a color similar to that of serum as bone 
marrow is removed from the graft. By sampling the effluent material being removed from the 
bone graft, via a sampling port accessible by use of a syringe, it is possible to monitor 
completion of bone marrow removal by monitoring absorbance at 410 nm (See Figure 3 for 
an example of changes in absorbance with volume of detergent (Allowash™ Solution) flushed 
through a typical bone graft.) it is possible to determine when essentially all of the bone 
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marrow is removed from the bone graft. After drawing the one to three liters of solvent 
through the bone graft, or any volume necessary to completely remove the bone marrow as 
indicated by absorbance at 410nm, the vacuum to the system is discontinued and the container 
is refilled with 1 to 3 liters of endotoxin-free deionized/distilled water and vacuum is reapplied 
to the system. The deionized/distilled water is drawn through the bone graft at approximately 
15 mis per minute to remove the detergent solvent. Following the removal of detergent 
solvent from the bone graft, vacuum is discontinued to the system and the bone graft is 
removed from the container and the vacuum line and tapping port are removed. The bone 
graft is now ready for further processing into small bone grafts as required. 

Example m 

A femur (2) is thawed, debrided of excess soft tissue (including the excess cartilage 
present on the articulating surfaces) and a hole (3) approximately 1/4 to 5/8 inch outside 
diameter is drilled in the bone shaft approximately midway between the distal and proximal 
ends of the bone. The hole need only be drilled deep enough to penetrate the cortical bone 
such that the tapping port (4) (Figure 2) may be securely inserted into the hole (3). The 
vacuum line (5) is attached securely to the tapping port (4). Four liters of a solution of 10% 
ethanol and Allowash™ Solution, at a concentration of 0.01X, are added to the container 
designed to hold approximately 3 liters and the bone graft with attached vacuum line is placed 

(I) 

into the containerA(2^ immersing it towards the bottom of the container. The container is 
preferably the tank of an ultrasonic cleaner capable of operating at 40KHz to 47 KHZ. The 
temperature of the cleaning solution is adjusted to 45 °C prior to addition of the bone graft and 
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the container with bone graft is subjected to ultrasonic cleaning. Vacuum, 25 to 27 inches 
Hg, is applied to the system. The flow rate of solution through the bone graft is maintained 
at approximately 10 ml per minute by adjusting the vacuum. The solution collected in the 
disposable container is dark red(ish) initially, turning to a color similar to that of serum as 
bone marrow is removed from the graft. By sampling the effluent material being removed 
from the bone graft, via a sampling port accessible by use of a syringe, it is possible to 
monitor completion of bone marrow removal by measuring absorbance at 410 nm (See Figure 
3 for an example of changes in absorbance with volume of detergent drawn through a typical 
bone graft.) it is possible to determine when essentially all of the bone marrow is removed 
from the bone graft. After drawing the two to four liters of solution through the bone graft 
or that volume necessary to completely remove the bone marrow as indicated by absorbance 
at 410 nm, the vacuum to the system is discontinued and the container is refilled with 1 to 3 
liters of 3% hydrogen peroxide (vol: vol) in endotoxin-free deionized/distilled water and 
vacuum is reapplied to the system. The hydrogen peroxide deionized/distilled water solution 
is drawn through the bone graft at approximately 15 mis per minute to remove the detergent 
solution. Following the removal of detergent solution from the bone graft, vacuum is 
discontinued to the system and the bone graft is removed from the container and the vacuum 
line and tapping port are removed. The bone graft is now ready for further processing into 
small bone grafts as required. 
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Example IV 

For cleaning smaller portions of an essentially intact bone graft, for example, femur 
heads, it is not necessary to use the larger containers, or the vacuum induced flow of flushing 
and/or washing solutions. Instead, a large volume syringe with an approximate 18 gauge 
needle may be used to cause a flow of solutions through the cancellous bone space in the 
smaller portions of whole bone grafts. In the cleaning process illustrated in Figure 5, a femur 



approximate center of the cut cross-sectional area to a depth approximating the beginning of 
the cortical bone distally to the point at which the hole is initiated. The diameter of the hole 



is drilled to be slightly smaller than the outside diameter of the needly^Sfl which is to be 
inserted. Once the needle is inserted, the bone graft is lowered into the tank of an ultrasonic 
cleaner, for example, a Branson model 1210, filled with cleaning solution, for example, a 
detergent solution consisting of 2 wt% Triton X-100, and the ultrasonic cleaner turned on prior 
to initiation of flow of cleaning solution which may be caused to occur by means of pressure 

(1) 

applied on the syringe plunger in the syringetf^ or by use of a peristaltic pump attached to the 
needle inserted into the cancellous bone space of the small bone graft, for example, the femur 
head as illustrated in Figure 5. The cleaning solutions utilized are equivalent to those 
described in previous examples given. Cleaning solutions may be removed from the 
cancellous bone space by attaching a fresh syringe to the needle or moving a solvent line 
attached to a peristaltic pump and flushing endotoxin-free ultra-pure water through the 
cancellous bone space. The volumes of cleaning solutions necessary to clean a typical femur 
head, as illustrated, may range from 200 mis to 500 mis with the preferred volume being 250 



head (2) is cut from the proximal end of a femur. A small 
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to 300 mis. The volumes of washing solutions necessary to remove residual cleaning solution 
from a typical femur head, as illustrated, may range from 50 mis to 200 mis, with the 
preferred volume being 100 to 150 mis. 

While the invention has been described in connection with specific embodiments 
thereof, it will be understood that it is capable of further modifications and this application is 
intended to cover any variations, uses, or adaptations of the invention following, in general, 
the principles of the invention and including such departures from the present disclosure as 
come within known or customary practice within the art to which the invention pertains and 
as may be applied to the essential features hereinbefore set forth as follows in the scope of the 
appended claims. Any references including patents and co-pending applications cited herein 
are incorporated herein in their entirety. 
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